ABSTRACT: In Europe, many autochthonous grapevines (Vitis vinifera L.) are only cultivated at local scale, but play a very important economic role due to their strict relation with terroir and wine tipicity. In this study, it was pursued to evaluate the influence of several factors on performance of Moll, the main autochthonous white variety of Majorca, by means of the data- 
Introduction
In old Europe, autochthonous local varieties are strongly related to vitivinicultural terroir and vine "tipicity", even though their role in quality vine is declining (Failla et al., 2007) . In the last decade, in Spain, monovarietal wines obtained with local varieties started to have a great promotion among growers, especially in the case of whites (Campo et al., 2008) . In Majorca (39°N; 1°E), Moll is the most important and cultivated white variety and its contribution to typical wine aroma is essential (Cretazzo et al., 2010b) . The ascent of Moll occurred in the last 20 years. In fact, the boost of summer tourism in the island entailed an increased interest for white wines. In spite of that, until the beginnings of clonal selection in 2000, no rigorous scientific approach was undertaken in order to study this variety. Clonal selection is the main method to improve a wine grapevine (Vitis vinifera L.) variety (see Cretazzo et al., 2010b) . Its main aim is to identify and propagate clones free of viruses that are listed in recognised certification programs. It includes an early step called "clonal preselection". Several vines located in different vineyards are evaluated during 4-5 years by measuring production and must quality parameters. Moll clonal preselection generated a big database (147 vines, 14 vineyards, 2 appellations, 4 vintages). In addition, exhaustive soil analyses were performed for each vineyard and more than 50% of vines were analyzed for the presence of the main grapevine viruses listed by certification programs.
In spite of terroir has been studied at many scales, by several experimental trial designs and focusing on different aspects depending on specific aims (review by Deloire et al., 2005) , the main purpose was always to identify the most opportune geology, climate and vitivinicultural management (see Hancock, 1999) in order to obtain the best final product (wine). Therefore, the clonal preselection database used for this paper can also be suitable to perform a preliminary Moll terroir study.
Materials and Methods
Plant material -All 147 vines studied are located in selected vineyards for clonal preselection. Six vineyards belong to Binissalem-Mallorca appellation, while eight to Pla i Llevant appellation. In both appellations vineyards are included in a circular area with radius of less than 5 km. The distance between the centres of these two hypothetic districts is almost 20 km. The altitude of vineyards ranges from 100 to 150 m.a.s.l. with commonly East -West row orientation. More details about the clonal selection process in Majorca and the criterion for vine choice are described by Cretazzo et al. (2010b) .
Production and quality parameters -All vines were evaluated during four consecutive years (2001) (2002) (2003) (2004) . Common parameters of a clonal selection were measured for each plant: Number of Cluster, Yield (g), Weight of 100 Berries (g), Sugar Content (ºBrix), Titratable Acidity (g ). Methodologies have been detailed by Cretazzo et al. (2010a) .
Soil analyses -In order to identify all horizons (layers) that were suitable for root activity, in each vineyard three representative pits were performed by using a backhoe. Each layer from each pit was sampled and analysed. The following parameters were evaluated: Percentage (w/w) of Clay, Loam and Sand in the soil fraction < 2 mm by Robinson's pipette method according to Gee and Bauder (1986) and texture taxonomy by United States Department of Agriculture (USDA); Percentage of coarse elements with diameter > 2 mm (Ө, w/w); Soil moisture at Field Capacity (FC, % w/w) and at Permanent Wilting Point (PWP, % w/w) by comparing the weights of dry and wet soil under suction pressure of 0.3 and 1.5 MPa, respectively (according to Miller and Gardiner, 1998) , using vacuum machines by Eijkelkamp Agrisearch Equipment BV (Giesbeek, Holland), after separating course elements; Bulk Density (r, g cm -3
) by excavation method (according to Blake and Hartge, 1986) and Thickness (H, m); Useful Water Reserve (UWR, mm) by calculation UWR = (FC-PWP)*(100-Ө)*H* r; pH (ratio 1:2.5); Electric Conductivity (ratio 1:5, 25 ºC, dS m -1 ); Total Organic Matter (MOT, % w/w) by determination of the Oxidable Organic Carbon (COO) (titration with iron sulphate (FeSO 4 ) of the excess of potassium dichromate (K 2 Cr 2 O 7 )) and calculation MOT = COO*1.29*1.72 (being 1.29 and 1.72 the recuperation coefficient and the Van Bemmelen conversion coefficient, respectively) according to Porta et al. (1986) ; Total Nitrogen (% w/w) following Kjeldahl digestion as described by Bremmer and Mulvaney (1986) ; Available Phosphorous (mg kg -1 ) according to Olsen method (1954) ; Total Carbonate (% w/w) and Calcium Carbonate Equivalent (% w/w) by reaction with hydrogen chloride (HCl) and measurement of carbon dioxide (CO 2 ) according to the method of Bernard calcimeter as described by Porta et al. (1986) ) by atomic absorption spectrophotometry as described by Rowell (1996) ; Cationic Exchange Capacity (mmol kg -1 ) by saturation with ammonium acetate (CH 3 COONH 4 ) (Bower et al., 1952) .
In order to assign unique values to each vineyard, a weighted average was calculated for each parameter considering the values of the different soil horizons identified. For Useful Water Reserve it was considered the sum of the different layers.
Weather data -The Balearic Island (39°N; 1°E) territorial delegation of the "Agencia Estatal de Metereología" (AEMET) provided monthly weather data relative to 2001 -2004 and Temperature (ºC) were measured using two thermometric stations (one per appellation), while rainfall (mm) using four pluviometric stations (two per appellation).
Virus analyses -Infections by
Grapevine leafroll virus 1 and 3 (G1RaV-1 and GLRaV-3), Grapevine fanleaf virus (GFLV) and Grapevine fleck virus (GFkV) were assessed in 2005 by Enzyme-Linked Immuno-Sorbent Assay (ELIEnzyme-Linked Immuno-Sorbent Assay (ELI-SA). These are the only viruses listed by legislation for grapevine certification and the most economically immost economically important in Majorca (Cretazzo et al., 2010a) . In order to confirm results, for both negative and doubtful samples, the tests were replicated in the same year and, if necessary, repeated and replicated in 2006 (see Cretazzo et al. 2010b) . The tests were performed on 76 vines located in 12 vineyards.
Discriminating vineyard characteristics -Although a standardization of cultural management was pursued (Cretazzo et al., 2010a) , vineyards revealed some intrinsic differences that can influence performance, such as: rootstock, age of vineyard and Training System. The only two rootstocks used for Moll are 110 Richter and 161-49. The Training Systems in use are double permanent cordon, low vase (height of trunk = 0.3-0.4 m) and high vase (height of trunk = 0.8-0.9 m). Three age groups were proposed: 20-35 years, 35-50 years and more than 50 years. The planting density ranges from 2700 to 3000 vines/ha. Regardless of Training System, all vines were pruned to obtain 12 shoots (two shoots per spur), allowing no more than two clusters per shoot. The vineyards Bi15 and Bi15a (Table 5 ) are located in the same farm but they differ in vineyard age and Training System.
Statistical analyses -
The influence of many factors on production and must quality parameters was evaluated by means of ANOVAs and univariate analyses of variance. The effects of both a factor and the interaction of more than one on a parameter were considered significant when p < 0.05. In order to underline clear relations, from total database coming from the clonal preselection, four year data, minor sets of data were extracted and called models: three year data (excluding 2002, see Result and Discussion), four year data only for vines tested by ELISA and three year data only for vines tested by ELISA. A principal component analysis was performed on vine parameter data. The softwares used were SPSS 17.0 (SPSS Corporation, Chicago, IL, USA) for calculations and SigmaPlot 8.0 (Systat Software Inc., San Jose, CA, USA) for graphics.
Results and Discussion
Basic Terroir Units (BTUs) for Moll: an interesting aspect -Environmental conditions indicated uniformity between appellations (Table 1 ). In a previous study, factor appellation showed much lower influence on vine parameters than both vintage and vineyard (Cretazzo et al., 2007) . In addition, Moll phenology did not show consistent differences between appellations (Medrano H., 2004, data not published). Thus, based on a classification criteria proposed by Smart (1985) , it can be said that both appellations are under the same macro and mesoclimate conditions. On the other hand, it is not easy to distinguish more than one geological state in the entire area studied. All vineyard soils have developed on parent rocks which consist of a combination between marl limestone from the Cretaceous and hard limestone from the Jurassic; quaternary sediments coming from the erosion of neighboring mountains and hills have been accuneighboring mountains and hills have been accumulating above this matrix in time (Farrús et al., 2002) . In well-maintained soils, parent rocks produce small direct effects on grape parameters (Huggett, 2006) . So, for Moll, it is possible that geological contribution to terroir (White et al., 2007) should be focused on soil properties. Therefore, based on the BTUs criteria exposed by Bodin and Morlat (2007) , all the vineyards studied, depending on which appellation belong to, should be included in a unique BTU. The excessive fragmentation of a territory in many BTUs is often not economically or practically viable (Carey et al., 2008) . In Majorca, this aspect needs to be deeply analyzed, possibly reconsidering the convenience of maintaining more than one appellation in a relatively small viticultural area, where local wine tradition has not been consolidated compared to other Spanish regions.
Soil characterization -Except for vineyard Bi25, in which sediment materials are predominant, all other vineyards showed levels of Total Carbonate and Calcium Carbonate Equivalent ranging from medium to high (Table 2 ). All pH values ranged from 8.36 and 8.63. These conditions are not limiting for white grapevine varieties, since they do not require much Fe ++ (Huggett, 2006) . Values of electric conductivity were also homogeneous (from 0.13 to 0.17 dS m -1 ). Similarly, all vineyards had a medium content in Total Organic Matter, with values fluctuating from 1.75 to 2.25 % (Porta et al., 1986) . All vineyards showed remarkable high levels of K + , while the content in Na + tended to be low. This suggests that vermiculite and smectite are predominant in the clay fraction in comparison to illite (Huggett, 2006) . Parameters such as % Clay, Useful Water Reserve, Cationic Exchange Capacity, Mg ++ , Ca ++ and Available Phosphorous showed high variability. In such conditions, it is plausible that soil strongly influence performance of vines. In fact, differences in soil parameters are able to produce important variations in vine behaviour even in small and homogeneous viticultural areas (De Andrés- De Prado et al., 2007) . Pv PL 2 251 420 Bi = Binissalem-Mallorca appellation, PL = Pla i Llevant appellation. PTE = potential evapotranspiration (March-September), Ra = rainfall (March-September), Tmm = mean minimum temperature, ETI = effective thermal integral (March-September) (Amerine and Winkler, 1944) . Th = thermometric, Pv = pluviometric. <30 30-60 60-100 >100 5 VL = very low, L = low, M = medium, H = high; VH = very high. CT = total carbonates; CCE = calcium carbonate equivalent, Pa = available phosphorous, K + = exchangeable potassium, Mg ++ = exchangeable magnesium, Na + = exchangeable sodium, Ca ++ = exchangeable calcium, CEC = cationic exchange capacity, UWR = useful water reserve, cl = clay. 1 = adapted from Villalbí and Vidal (1988) Principal component analysis of vine parameters -The study of preselected vines by means of principal components allows both to determine which parameters are mostly involved in the total variance of preselection data and to cluster vines according to some specific features (Pérez-Hugalde et al., 2004) . During Moll clonal preselection, unfavorable weather conditions occurred in 2002 (Cretazzo et al., 2007) . Due to the high summer rainfall, intense attacks by Powery mildew and Botritis cinerea were detected in all vineyards. As a result, production and quality parameters values underwent a considerable interference. Thus, the 2002 data were discarded from this analysis and were not considered in figures and many tables along the text. Principal component analysis of Moll preselection data reveals that the first two factors explain more than 50% of total variance (Table 3 ). The first factor is mainly related to production parameters (Yield and Number of Cluster). However, an important relation is also shown in regards to Sugar Content. The second factor is mainly related to Total Tannins and Total Polyphenols Index. Despite the highest coefficient of variation, Pruning Weight does not correlate consistently to any of the first three factors, while Weight of 100 Berries correlates more consistently with the third factor than with the second. Titratable Acidity shows a weak correlation with both the first and second factors.
Previously it was shown that Total Tannins and Total Polyphenols Index variances did not clearly depend on vineyard factor (Cretazzo et al., 2007) . Instead, the requirements for candidate clone choice based on Sugar Content and Titratable Acidity levels in berries (Cretazzo et al., 2010b) . Thus, Yield, Sugar Content and Titratable Acidity were selected as the most representative vine parameters to perform the following analyses.
Analysis of the factors influencing Yield, Sugar
Content and Titratable Acidity -In a first step, the effects produced by vineyard, vintage and virus infections were considered. In a previous study it was shown that vintage, vineyard and grape plant strongly influenced Yield, Sugar Content, Titratable Acidity and other parameters (Cretazzo et al., 2007) . However, there was no clear relation between these factors and Total Polyphenols Index or Total Tannins.
In case of close vineyards, the inter-annual weathinter-annual weather variations can have a more important effect on vine performance than the differences in weather conditions between vineyards (Ubalde et al., 2007) . Factor vineyard can include in its complexity many parameters related to soil, management and microclimate. Cretazzo et al. (2010c) showed that Moll vines presented a high genetic similarity among appellations and vineyards of Majorca. Therefore, it is expected that grape plant effects on vine parameters are more linked to virus infection than to intravarietal genetic variability. Many authors have elucidated the impact of virus infections on grape performance (Rowhani et al., 2005) . Cretazzo et al. (2010a) observed that multiple virus infections led to very important Yield reductions in Moll. Therefore, vines were clustered according to the presence of more than one infection by the viruses previously mentioned. Thus, -Multiple Infection refers to both vines that are free of viruses and vines infected by only one virus, while +Multiple Infection indicates vines displaying multiple virus infections.
In the case of GLRaV-1 and 3, the simultaneous detection of both viruses was considered as a simple infection. In all univariate linear models studied, factor vineyard, as well as its interaction with vintage, have a strong effect on each parameter ( In the three year model for ELISA tested vines, if the co-variable Yield was not considered, the effect of Multiple Infection would be significant (data not shown). This may support the hypothesis of a Sugar Content concentration effect on berry generated by multiple virus infections, which induce Yield decreases (Cretazzo et al., 2010a) . No model was suitable to explain the variances of Weight of 100 Berries, Pruning Weight, Total Polyphenols Index or Total Tannins, while parameter Number of Cluster shows patterns similar to parameter Yield (data not shown).
The annual means per vineyard ( The important effect of Multiple Infection on Yield is shown in Figure 1 . In all vineyards in which data were recorded for both -Multiple Infection and +Multiple Infection vines, the three year mean Yield of the formers is higher, with differences showing p < 0.05 in five cases. The possible Sugar Content concentration effect is not so evident. In fact, comparisons between -Multiple Infection and +Multiple Infection vines show contradictory results depending on vineyard and, only in Bi17 and PL62, the presence of multiple infections corresponded to significant lower Yield and higher Sugar Content. Finally, Multiple Infection does not show a clear effect on Titratable Acidity.
In a second step, by studying the three year means of each vine, it was pursued to break down the effects of different components contained inside the factor vineyard.
Preliminary one-way ANOVAs (data not shown) indicated that Useful Water Reserve, % Clay, Cationic Exchange Capacity and Training System were the parameters mostly involved in the determination of production and quality parameter variances. Vineyard clustering by % Clay and Cationic Exchange Capacity is the same (Table 2) , as expected by observing the positive correlation (p < 0,01) between these parameters (Table  6a ). In addition, both Mg ++ and Ca ++ are highly related to Cationic Exchange Capacity and % Clay, providing Table 5 the same vineyard clustering. Nevertheless, the different component of Cationic Exchange Capacity may be more suitable for future studies focused on their effects on wine aroma (see White et al., 2007) . Therefore, only the effect of % Clay was selected for following analyses. The principal component plots (Figure 2) show that % Clay and Training System achieve a clearer separation of vines than Useful Water Reserve. Besides some exceptions, double cordon trained vines and vines grown in very high % Clay soils discriminate evidently from low vase vines and vines grown in medium % Clay soils, respectively. High vase trained vines and vines grown in high % Clay soils show intermediate distributions in the plots. Vine differentiation was also investigated regarding the vineyard age because of its effects on the evolution of soil properties (Marcet et al., 2003) . However, no clear pattern is evident. No vine differentiation was noticed either by Available Phosphorous or rootstock (data not shown). In the first case, it may depend on phosphate uptake regulation by symbiotic association between grapevine and mycorrhizal fungi (Huggett, 2006) ; in the second case, it was probably due to the good affinity between Moll and both 110 Richter and 161-49 rootstocks (Martorell A., personal communication) .
The interpretation of the univariant linear models turns much more complicated when several vineyard components are included. On one hand, in a total vine model that assumed % Clay, Useful Water Reserve and Training System as factors, the formers seemed to have a major influence than Training System on Sugar Content and Titratable Acidity (data not shown). However, only Useful Water Reserve pointed out a main effect on Yield (data not shown). These results may be considered in agreement with a study of Coipel et al. (2006) on Grenache noir, but R 2 was very low (0.1362). The model was not able to calculate any interaction. On the other (Figure 3 ). Higher % Clay and double cordon system enhanced Yield in both cases. However, the increase in Yield corresponding to higher potential watering level of substrate (Useful Water Reserve) (see Bodin and Morlat, 2007) In -Multiple Infection vines, Titratable Acidity inTitratable Acidity increases according to Yield for higher level of % Clay and double cordon system. It is possible that when the interference by virus infections is low, more powerful conditions for vine growth promote higher acidity accumulation in berries. This would be a positive aspect since low Titratable Acidity in berries is often a limiting factor for Moll quality (Cretazzo et al., 2010a) . However, no clear relation can be found between Yield and Titratable Acidity; moreover, their Tables 2 and 3 . * = p < 0.05, ** = p < 0.01 correlation shows p > 0.05 (Table 6b ). In -Multiple Infection vines, % Clay infl uences Sugar Content lev-, % Clay influences Sugar Content levels in berries (p < 0.05). Thus, in absence of multiple infections, according to % Clay, the more production, the less sugar content.
Despite these results and the supported hypothesis of a Sugar Content concentration effect induced by virus infections, the relationship between Sugar Content and Yield is not so clear yet. Although their correlation shows p < 0.01, the value is lower than 0.5 (Table 6b) ; their regression (ºBrix = 21.189 -0.00056 g) also shows p < 0.05, but both slope and R 2 (0.1362) are very low.
In general, vineyard PL03 showed low levels for both Yield and Sugar Content every year, while Bi07 showed the highest Sugar Content mean in 2001, the most productive year for this vineyard (Table 5) . Therefore, higher production levels do not necessarily correspond to lower levels in quality parameters in Moll. Thus, further studies are required to identify the most suitable management techniques in order to optimize berry sugar content and acidity in high production conditions.
Limitations and main evidence -The models studied are not balanced. In fact, the number of vines was different between vineyards, not all vines were evaluated each year and ELISA was performed on little more than 50% of total vines, being vineyards Bi01 and Bi07 not tested for virus infections. In addition, in clonal preselection programs, it is not possible to design an experiment in which all factor combinations are measured. As a consequence, the lack of enough degrees of freedom for statistic analyses did not allow calculating the effects of several factors in more complex models and not all interactions could be determined (Figure 3 ).
It is plausible that some random factors also influenced the variance of vine parameters: (i) the microclimate in each vineyard (Deloire et al., 2005) , (ii) the gradients in soil properties within the same vineyard (Trought et al., 2008) , (iii) the goodness of farmers which can led to different effectiveness in vineyard management (White et al., 2007) , (iv) the occurrence of diseases, pests and/or other virus infections etc. Thus, taking into account all these considerations, this study can be defined as a preliminary base to develop further and more advanced researches. However, in spite of that, clonal preselection programs in Majorca have produced a great database, which has allowed realizing that multiple virus infections strongly influence Moll performance, especially its production potential and, obviously, wine characteristics. This may conceal implications on "wine tipicity" and, possibly on terroir.
According to the last definition by OIV (Resolution OIV/VITI 333/2010, available on OIV webpage), Vitivinicultural terroir is a concept which refers to an area in which collective knowledge of the interactions between the identifiable physical and biological environment and applied vitivinicultural practices develops, providing distinctive characteristics for the products originating from this area. Terroir includes specific soil, topography, climate, landscape characteristics and biodiversity features. Apparently, grapevine viruses are not contemplated in the concept of terroir and no study approaching on a possible interference by viruses on terroir is available. But, an attentive analysis of the OIV definition suggests that viruses could play a role. In fact, it is not a wrong to say that viruses belong to biological environment and their interaction with grapevine genomes may modify biodiversity features. Therefore, considering that such a situation of endemic virus infections is very common in many European autochthonous varieties and that virus incidence is variable among viticultural areas (see Cretazzo et al., 2010b) , a possible interference by grapevine viruses on terroir should be further studied.
Conclusions
Moll variety demonstrates a great viticultural and oenological potential. Under conditions that enhance its production, sugar accumulation in berries and acidity did not decrease. Negative effects of grapevine virus infections on Moll performance are evident, as well as it is not an utopia to hypothesize a quite distortion by viruses on Moll terroir. 
